KLP61F in
Early cytological studies revealed that fusomes are built from spindle residue, growing in sequential mitotic cell cycles into branched structures that connect cells within the cyst [5, 6] . Although the process of fusome assembly is not fully established, a cyst progenitor appears to be born with a spherical fusome (Figure 1a ). Fusomes are enriched in actin-binding proteins that are typically found in the membrane cytoskeleton [7, 8] , including spectrin, ankyrin, and an adducin-like protein encoded by hts. Filamentous actin has been identified in fusomes in males [9] . Near the completion of mitosis, closure of the cytokinetic ring arrests and a stable ring canal assembles, partly from its remnants [10] [11] [12] . Fusome material appears in the lumenal region of ring canals [5, 6, 13] and then a branch of fusome material appears that connects material in the spindle midbody and material in the pre-existing fusome. The underlying mechanism whereby midbody material is joined to the extant fusome is unknown. This acquisition process is repeated three more times in Drosophila to generate a cyst of 16 interconnected germ cells (Figure 1b) . Although many aspects of germ cell proliferation and cyst formation appear to be similar in males and females, it is important to note that the composition and structure of fusomes, as well as ring canals, are not identical [8, [10] [11] [12] .
KLP61F cycles between mitotic spindles and fusomes
Confocal microscopy with antibodies directed against KLP61F (see Materials and methods; Figure 1c ,d) showed differential distribution of KLP61F in somatic and germline cells. In somatic cells, KLP61F was cytoplasmic during interphase, localized to centrosomal asters at the onset of mitosis in prophase and associated with spindle structures during the remainder of mitosis (see Supplementary material). In male germ cells, KLP61F was associated with fusomes during interphase (Figure 2a ), but then localized to centrosomal asters during prophase and to spindles in metaphase (Figure 2b ). Near telophase, KLP61F colocalized with fusome material near the center of the interpolar region of spindles (Figure 2c ). Fields containing multiple cysts showed staining in midbodies at telophase that was brighter than staining in metaphase spindles (data not shown), as if KLP61F was recruited and concentrated in the midbody, rather than selectively lost from the remainder of the spindle. Staining of KLP61F corresponded to a restricted region of the midbody (Figure 2d ) that was retained after the midbody disassembled ( Figure 2e ) and largely coincided with the lumenal region of ring canals ( Figure 2f ). As KLP61F showed similar cycling between spindles and fusomes in females (see Supplementary material), KLP61F appears to be part of the spindle residue observed by early cytologists that accumulates in spindle midbodies and incorporates into the persistent fusome. KLP61F, however, returns to mitotic spindles at each prophase.
KLP61F exhibits microtubule-independent interactions
Cycling of KLP61F between spindles and fusomes suggested interactions with a non-microtubule binding partner, possibly one involved in fusome assembly. To test this possibility, KLP61F localization was examined in hts mutants. This work shows that hts males lack fusome structures (see Supplementary material), as do hts females [7, 8] . KLP61F did not localize to branched structures during interphase in either testes (Figure 3a) or ovaries of hts mutants (data not shown), indicating that KLP61F distribution during interphase is probably not a result of selfassociation, but instead requires interactions with other proteins. Whereas KLP61F localization from prophase through to metaphase was indistinguishable from that in wild-type animals (Figure 3a , inset), KLP61F localized along the full length of spindle midbodies during telophase in hts mutants (Figure 3a) as it does in somatic cells. Given that midbodies in both germline and somatic cells comprise microtubules, KLP61F appears to gain microtubule-independent interactions near telophase that restrict its localization in spindle midbodies and underlie its subsequent colocalization with fusome material during interphase. If so, localization of KLP61F should be resistant to microtubule Germ cell cyst assembly and generation of KLP61F antibodies. (a) At interphase a cyst progenitor with a cortical fusome is shown in red. In metaphase, the spindles are aligned with one pole near the fusome, possibly reflecting a dynein-dependent [15] and dynactin-dependent [18] mechanism. Fusomes show diminished density during mitosis ( [7, 8] ; P.G.W., unpublished observations) depicted here as a smaller fusome. In telophase, a ring canal forms and fusome material appears in the spindle midbody. In female Drosophila, the more familiar mature ovarian ring canals develop from these mitotic ring canals [11, 12] . (b) A complete cyst of male germ cells with the fusome stained with antibodies against α-spectrin (red) and ring canals stained with antibodies against anillin (green) [19] . depolymerization. To test this possibility, wild-type testes were permeabilized with detergent to depolymerize microtubules by dilution of tubulin (Figures 3b,c) . Despite depolymerization of virtually all microtubules, robust fusome structures containing KLP61F were retained, indicating that the localization of KLP61F to fusome structures does not demand concomitant interactions with microtubules. Testes treated in parallel showed that fusome organization, as indicated by antibodies against the adducin-like hts protein, was also resistant to detergent and microtubule depolymerization (data not shown). These results indicate that KLP61F can be maintained in fusomes by microtubule-independent interactions.
KLP61F is required for normal fusome organization
One value of a genetic approach is the potential to couple, or uncouple, localization and function. To determine whether KLP61F localization was functionally significant, fusome organization was evaluated in larval testes of hypomorphic KLP61F 3 and KLP61F 1 mutants [2, 3] . Low levels of expression precluded detection during mitosis, but KLP61F was detectable during telophase (Figure 4a ). Given that adducin-like hts protein was undetectable or weakly detectable in midbodies at telophase, KLP61F is required to recruit fusome material to midbodies. Cysts of interphase cells showed rings of KLP61F (Figure 4b ) that corresponded to the inner rim of ring canals as assigned by immunolocalization of the septin protein peanut [14] (data not shown). Thus, KLP61F appears to gain interactions near telophase with a protein associated with ring canals, possibly a fusome component, that directs its spherical organization. Presumably, these interactions are present in wild-type animals but are obscured by the abundance of KLP61F in fusomes. Fusomes in KLP61F mutant testes were typically fragmented (Figure 4) , suggesting that KLP61F contributes to fusome organization as does cytoplasmic dynein [15] . Further work might reveal whether KLP61F function in fusome organization Brief Communication 925 KLP61F is required for normal fusome organization. 
Material and methods
A translational fusion protein containing both glutathione transferase and the amino acids encoded by the 1.5 kb BglII fragment of the KLP61F cDNA [2] in pGex2 (Amersham Pharmacia Biotech) was used to immunize four rabbits and three rats as described [3] . Rabbit immunoglobulins of group G (IgGs) were precipitated with 50% (w/v) ammonium sulfate and resuspended to one-tenth of the original volume and dialyzed against phosphate buffered saline [3] . The BglII fragment was subcloned into pQE32 (Qiagen) and antibodies against histidine-tagged polypeptides were affinity purified from nitrocellulose [16] . Immunofluorescence [3] and immunoblot analysis [17] was performed as described. Antibody dilutions were as follows: KLP61F at 1:50-1:200 for immunofluorescence and 1:1,000 for immunoblot analysis; α-spectrin (D. Branton, Harvard University) at 1:400; anillin (C. Field, Harvard University) at 1:1000; monoclonal antibodies 1B1 against adducin-like hts and 4C9H4 against peanut protein (Developmental Studies Hybridoma Bank, Iowa City IA) at 1:100 and 1:4, respectively; lamin (H. Saumweber) at 1:10; Eg5 peptides (D. Sharp and J. Scholey, UC Davis) at 1:25-1:50.
Supplementary material
Supplementary material available at http://current-biology.com/supmat/ supmatin.htm includes ( Figure S1 ) immunolocalization of KLP61F in somatic cells and ( Figure S2 ) in proliferating germ cells, ( Figure S3 ) immunolocalization of spectrin in wild-type and hts mutant testes and ( Figure S4 ) immunostaining of wild-type testes with antibodies directed against phosphorylated and nonphosphorylated peptides derived from the BimC box of Eg5. 
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Figure S3
Fusome-deficient hts testes lack fusomes. Mutations in the hts gene are female-sterile, lacking fusome structures [S5,S6]. Localization of the adducin-like hts protein to fusome structures in males suggested that this gene product might be required for fusome organization in males as it is in females. Because α-spectrin was coincident with adducin in wild-type testes (data not shown), testes of (a) wild-type (wt) and (b) hts 1 mutant (hts) stained with antibodies against α-spectrin (red) and lamin (green). Images show that hts testes lack fusome structures in cysts of mitotically proliferating germ cells near the apical tip of the testis. The hts 1 
